New tools are needed to handle the growth of data in astrophysics delivered by recent and upcoming surveys. We aim to build open-source, light, flexible, and interactive software designed to visualize extensive three-dimensional (3D) tabular data. Entirely written in the Python language, we have developed interactive tools to browse and visualize the positions of galaxies in the universe and their positions with respect to its large-scale structures (LSS). Motivated by a previous study, we created two codes using Mollweide projection and wedge diagram visualizations, where survey galaxies can be overplotted on the LSS of the universe. These are interactive representations where the visualizations can be controlled by widgets. We have released these open-source codes that have been designed to be easily re-used and customized by the scientific community to fulfill their needs. The codes are adaptable to other kinds of 3D tabular data and are robust enough to handle several millions of objects.
Introduction
The amount of available astronomical data is growing exponentially due to the increasing number of observing facilities, automated surveys, and simulations. The complexity of these data is also increasing with time. For instance, where the positions of stars were only available as two spatial coordinates before, recent automated surveys such a Gaia (Gaia Collaboration et al. 2016) provide not only the spatial coordinates, but also the parallaxes and proper motions of the stars along with a bundle of photometric data. handle astronomical data have to ensue with this technical evolution and be able to deal with several tens of millions objects and represent them in a flexible, interactive way. During the last decade, tools for data inspection and visualization have been developed to follow the evolution of the astrophysical data (Subba Rao et al. 2008; Hassan & Fluke 2011; Goodman 2012) . Initiatives like the International Virtual Observatory Alliance (www.ivoa.net) have arisen to homogenize astronomical data representation and exchange, with tools like Aladin (Bonnarel et al. 2000) , or the Visualization Interface for the Virtual Observatory (VisIVO; Comparato et al. 2007; Sciacca et al. 2015) . In particular, very dedicated and flexible tools have greatly simplified everyday tasks for data manipulation, which is often quite cumbersome, such as cross-matching catalogs or rapid subsample filtering, browsing, and visualization of multidimensional tabular data sets (see topcat for instance, Taylor 2005) . Three-dimensional (3D) visualizations have also experienced great advances, benefiting from the inclusion of mature tools such as Blender (Kent 2013; Naiman 2016) .
However, simple and flexible codes can also be valid for specific tasks. The multiplication of indi-vidual codes can be either overwhelming or not being noticed by the researcher, lost among the large number of those available; they also may be of invaluable help to get started on handling a specific task. To be useful, these codes have to be available as free software and written in a programming language that is well spread throughout the community so that they can be easily re-used and modified according to specific needs (Goodman et al. 2014) . In this regard, Python has gained recognition during the last 15 years in the astrophysical community because it is a simple, easy to learn, and powerful language. It is particularly well suited for research due to its large collection of libraries and flexibility. The popularity of Astropy (Astropy Collaboration et al. 2013 ) is rising rapidly and its affiliated packages are a demonstration of it.
The objectives of the paper are to present LSSGalPy, an interactive visualization of the large-scale environment around galaxies, to encourage its use, and to foster re-use and modifications by other authors. First, we present the software in Section 2 and mention how and where to obtain the code. Emphasis has been made to create a very short, simple, robust, and easy to modify code to encourage its adaptation and reuse in the community. Next, in Section 3, we present the particular case for which LSSGalPy has been built. We also mention some other cases where this code has been used and offer examples of some other contexts that may benefit from LSSGalPy after minor modifications to the code. We conclude with a brief summary in Section 4.
Software Presentation
LSSGalPy provides visualization tools to compare the 3D positions (right ascension, declination, and redshift) of one or more samples of isolated systems with respect to the locations of the large-scale structures (LSS) of the universe (see Figs. 1 and 2). The basic functionality of these interactive tools is the use of different projections to study the relation of the galaxies with their local environment and with the LSS. Additionally, we may seamlessly add or remove samples, change the marker size and/or symbol, modify transparency, etc. These tools have been tested using up to 30 million galaxies and still work perfectly and very smoothly on any standard laptop.
During the writing of the software, emphasis was made on obtaining a high-quality code. The code is compact (less than 100 lines of code) and has an easy to read structure through list comprehension and extensive use of already existing functions in the imported Python libraries. The code is designed to allow easy modifications, which is useful to the scientific community since users can use their own galaxy catalogs. We have developed the code under a Linux platform, but it may be straightforwardly ported to any other operating system.
The software is primarily available for download at GitHub 2 . To install the software on your local computer, simply copy all files 3 in a directory and run the Python files LSSGALPY mollweide.py or LSS-GALPY wedge.py to visualize the LSS environment using a Mollweide projection or a wedge diagram, respectively. The Mollweide projection shows the location of the galaxies in the sky with respect to their right ascension and declination, and complementary, a wedge diagram shows the location with respect to right ascension and redshift. The Python2 and Jupyter notebook versions are available in the GitHub repository. These Python2 tools currently work as widgets in a local computer but the Jupyter notebook versions may be also accessed through a browser and executed in the myBinder 4 cloud infrastructure. The myBinder repository allows the interactive inspection of the richly documented code as well as testing its functionalities without altering the local execution environment.
The required dependencies are
• NumPy 5 : array processing for numbers, strings, records, and objects;
• matplotlib 6 : Python 2D plotting library; and
• basemap 7 : add-on toolkit for matplotlib.
The code is licensed under MIT License (MIT 8 ). The code is also shared via repositories such as Astrophysics Source Code Library (ASCL 9 ) and Zenodo 10 .
Some tutorials showcasing the interactive features of the software are available as video demonstrations on Vimeo:
• LSSGalPy: Mollweide projection 11 shows how to explore the location of different samples of galaxies (samples explained in Sect. 3) with respect to third dimension (redshift) in the Mollweide projection (right ascension and declination) visualization; and
• LSSGalPy: Wedge diagram 12 similarly shows how to explore the location of galaxies with respect to the declination in the wedge diagram (right ascension and redshift) visualization. This demonstration also shows how to drag and zoom in a particular region, which corresponds to the Coma cluster.
Use Cases

Principal Use Case
The codes were primarily designed and developed for the article by Argudo-Fernández et al. (2015) . We visualized how the isolated galaxies (hereafter SIG for SDSS-based catalog of Isolated Galaxies), isolated pairs (hereafter SIP for SDSS-based catalog of Isolated Pairs), and isolated triplets are related to the galaxies in their LSS. In particular, we used a Mollweide projection in combination with a wedge diagram (see Fig. 1 ) and vice versa (Fig. 2) . Note that the code could also work with several tens of other types of projections. We used the blue bars displayed under the sky map in Fig. 1 to visualize the locations of the galaxies in our study for different values of redshifts and redshift ranges. Similarly, using the bars below wedge diagram (in Fig. 2) , we explored the locations of the galaxies for different values of the declinations and declination ranges.
As a result, we observed that most of the isolated galaxies, isolated pairs, and isolated triplets are related more to the outer parts of filaments, walls, and clusters, and generally differ of the void population of galaxies. In fact, only one-third of SIG galaxies are located in voids. Also, using LSSGalPy, we checked that galaxies with low values of the tidal strength parameter, Q LSS (Verley et al. 2007; Argudo-Fernández et al. 2015) , are mainly located in void regions, and galaxies with higher Q LSS are more closely related to denser structures, such as the filaments or walls defining the LSS of the universe. -Fernández et al. (2016) investigated the effect of local and large-scale environments on nuclear activity and star formation. For the purpose of this study, we compared the positions of active galactic nuclei (AGN) and star forming galaxies in the SIG and SIP samples according to three different ranges of values of their Q LSS . We observed that the fraction of optical AGN for high-mass SIG and SIP galaxies increases with denser large-scale environment, and on the contrary, the fraction of optical AGN for low-mass SIG and SIP galaxies decreases from voids to denser regions (Argudo-Fernández et al. 2016) .
Other Uses
Argudo
LSSGalPy has also been used in Jin et al. (2016) and Chen et al. (2016) to visualize the localization of galaxies with kinematically decoupled stellar and gaseous components, in conjunction with the estimation of the tidal strength parameter, Q LSS , affecting each galaxy. They found that there is a trend showing that the kinematically misaligned galaxies are more isolated than the aligned control sample. In fact most of the misaligned galaxies are mainly located in void regions, and control galaxies are more related with denser structures, such as the filaments or walls defining the LSS of the Universe.
Suggestions for Other Possible Uses
Although LSSGalPy has been developed for the needs of one particular initial work, care has been taken in its design to allow easy modifications in order to be able to visualize other kind of data. Here we suggest some of them.
The software can be straightforwardly adapted to the visualization of stellar surveys. The most ambitious is the Gaia mission (Gaia Collaboration et al. 2016) , with its first data release, consisting of astrometry and photometry for over 1 billion sources and positions, parallaxes, and mean proper motions for a subset of two million of bright stars. By using the parallax instead of the redshift information, it will be possible to visualize the 3D positions of the stars in the Milky Way.
New releases of large 3D surveys may also benefit from the visualization capabilities of LSSGalPy, in particular the SDSS-DR13, first spectroscopic data from the SDSS-IV (SDSS Collaboration et al. 2016) with its dedicated surveys APOGEE-2, MaNGA, and eBOSS.
LSSGalPy may also be adapted to visualize data cubes, with some small modifications to explore to integral field spectroscopy data (using the velocity instead of third spatial axis). For instance, in the MaNGA integral field unit (IFU) spectra (Bundy et al. 2015; Yan et al. 2016) where data are available for 1390 spatially resolved integral field unit observations of nearby galaxies in the SDSS-DR13. Other surveys such as CALIFA, the Calar Alto Legacy Integral Field Area survey (Sánchez et al. 2012) , or other IFU surveys can also benefit from the LSSGalPy visualization possibilities.
More generally, LSSGalPy can be adapted to any data in three dimensions; the parameter space is not only restricted to spatial dimensions: time or any other quantity can as well be involved in those 3D data exploration widgets. LSSGalPy is also easily modifiable by using any of the 24 different map projections available 13 of the projection and mapping Matplotlib Basemap Toolkit 14 .
Summary
In this paper we present LSSGalPy, an interactive visualization of the large-scale environment around galaxies. We provide two basic visualization codes, a Mollweide projection and a wedge diagram where some survey galaxies can be overplotted on the largescale structures of the Universe. These are interactive representations and the visualizations can be controlled by widgets. The codes were designed to be easily modifiable and adaptable to other kinds of 3D data and re-used to suit the needs of the scientific community.
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